Background: Improvements in preoperative staging as well as in chemotherapeutic regimens have made limb-salvage surgery a reliable modality of treatment for high-grade osteosarcomas of the extremities, with local recurrences in most series of less than 10% after this type of surgery. The quality of surgical margins and local response to preoperative chemotherapy are known to be the most significant factors in recurrence [1, [8] [9] [10] 12] , and complications related to the biopsy procedure may also be a significant factor. The study reported here comprised a histopathological analysis of our recurrent cases as part of an effort to identify the impact of each of the factors cited above.
Introduction
Local recurrence of an osteosarcoma after limb-salvage surgery is a dire event. The alternatives for removal of the recurrent tumor are limited, and amputation is usually the only local treatment possible. Moreover, life expectancy is considerably diminished, since a local recurrence is in most cases associated with distant metastases [10, 12] . Progress in imaging techniques has improved our ability to correctly stage these patients preoperatively. In combination with advances in adjuvant chemotherapeutic regimens, this has significantly increased their long-term survival. These are the two main reasons why surgical resection with preservation of the limb has become a reliable modality of treatment. In different series, local recurrences after this type of surgery have been reported in less than 10% of cases [3, 4, 9, 10, 12] , the most significant factors being the quality of the surgical margins and the response of the tumor to preoperative chemotherapy. Although more aggressive chemotherapeutic protocols have been associated with better histological responses in patients with osteosarcoma, it is still not possible to predict preoperatively which patients will be good responders. Obtaining adequate surgical margins, however, should be predictable, depending on the accuracy of staging studies, before and after preoperative chemotherapy. The biopsy procedure seems to play an important role in this part of the assessment [1, [8] [9] [10] 12 ]. An incorrectly placed biopsy, or one that results in the development of a hematoma or an infection adversely affects all limb-salvaging efforts by increasing the risk of local recurrence and consequently affecting the life expectancy of the patient. The present study is a histopathological analysis in an attempt to more clearly define the impact that the previously cited factors had on our recurrent cases.
Materials and methods
We retrospectively revised 514 cases of high-grade non-multicentric osteosarcoma of the extremities that were treated at the Istituto Ortopedico Rizzoli between March 1983 and August 1991. All of these patients received chemotherapy according to the protocol in use at the time of admission. The histological diagnosis included: conventional high-grade (478), telangiectatic (30), small-cell (4) and secondary osteosarcoma (2) . The minimum follow-up of survivors was two years from the day of admission.
Patients with osteosarcoma of the axial skeleton or with metachronous multicentric disease were excluded because many of them were not suitable for the appropriate surgical procedures. No patients with a pathologic fracture were admitted, although we do not consider such fractures an absolute contraindication for a limb-salvage procedure.
Of the 514 patients operated on, 365 (72%) underwent a limbsalvage procedure, 126 (24%) an amputation, and 23 (4%) a rotationplasty. Twenty-nine patients developed a local recurrence, 23 in the limb-salvage group (7%), and 3 of the 126 amputated patients (2.4%). None of the patients with a rotationplasty developed a recurrence.
In this study we analyzed the 23 cases of local recurrence which occurred in patients with classic osteosarcoma in an effort to determine the precise cause in each case.
Fourteen of the patients were male and nine female, aged at diagnosis from 3 to 60 years (mean 21 years, median 17). In 10 patients the tumor was located in the distal femur, four in the proximal femur, six in the proximal humerus, two in the proximal tibia, and one in the femoral diaphysis. The histological varieties of osteosarcoma were: conventional osteoblastic (18), telangiectatic (2), small-cell (1), conventional fibroblastic (1) and conventional chondroblastic (1) . Surgical reconstructions included modular endoprosthesis in 13 patients, a cement spacer with an intramedullary rod in six, massive bone allograft in two and bone autograft in one. One patient underwent a hemicylindrical resection and reinforcement with osteosynthesis and bone grafts.
For each of the 23 patients, the following data was carefully reviewed from the available documentation: location and stage of the tumor, histological diagnosis, type of biopsy (incisional, excisional or trochar), and whether it was performed at the Istituto Ortopedico Rizzoli or elsewhere, local complications related to the biopsy procedure, chemotherapeutic regimen, the amount of tumor necrosis histologically assessed after the resection, description of the resection and the macroscopic margins achieved, mapping of the resected specimen (all margins were histologically reviewed by one of the authors), time after surgical resection and site of local recurrence, development of metastases and final outcome.
Results
All of the 23 patients had extracompartmental tumors. Six had metastatic disease at admission (stage III tumors) while all of the remaining patients had stage IIB tumors. Treatment of the local recurrence consisted of a local resection in five cases and amputation in nine. In nine cases no treatment was performed due to the presence of disseminated disease, and all of these patients died an average of 6.5 months after the local recurrence (from 1 to 15 months). The outcome of the remaining 14 patients: after an average of 44 months (from 10 to 97 months), 1 is free of disease after removal of the recurrence, 11 patients died of the disease after an average of 17 months (from 5 to 72 months), and the two remaining patients are alive with disseminated disease at 9 and 20 months.
Fourteen patients had incisional biopsies (six were performed elsewhere and one was performed after an unsuccessful trochar biopsy), eight had trochar biopsies, and one an excisional biopsy.
Three patients received only postoperative chemotherapy. Twenty patients received preoperative and postoperative chemotherapy according to the protocol in effect since the time of admission. The amount of tumor necrosis in these 20 patients was: good (more than 90%) in six, fair (between 60% and 90%) in seven and poor (less than 60%) in seven. We used Enneking's [2] classification of surgical margins as it is widely accepted by most musculoskeletal oncologic surgeons. The surgical margins achieved at resection, were: wide in five patients, contaminated in seven (five wide-contaminated and two marginal-contaminated), marginal in seven and intralesional in four. Surgical margins were less than wide in the following sites: in the soft tissues surrounding the major neurovascular bundles (seven cases: five in the popliteal space and two in the medial aspect of the arm), in the capsular and ligamentous structures of the joints (five cases: three in the glenohumeral joint and two in the hip joint), in the osteotomy site (four cases: two in the distal femur, one in the proximal humerus and one in the proximal tibia), in the soft tissues surrounding the tumor (one case: in the soft tissues of the thigh in an osteosarcoma in the diaphysis of the femur) and in the previous biopsy tract when this was not resected (two cases: one incisional and one trochar). One patient with an osteosarcoma of the proximal humerus had less than wide margins at the osteotomy site and in the soft tissues surrounding the axillary artery.
The time of appearance of a local recurrence after surgical resection ranged from 4 to 56 months, with a mean of 15.5 months and a median of 13 months. Development of a local recurrence in patients with good tumor necrosis occurred at a mean of 23 and a median of 22 months. In those with fair necrosis it developed at a mean of 12 and a median of 13 months, and in those with poor necrosis recurrence occurred at a mean and a median of nine months. These differences were statistically significant (P = 0.001 one way anova).
Sites of local recurrence: the soft tissues surrounding neurovascular structures six cases: three osteosarcomas of the distal femur, one of the proximal tibia, and two of the proximal humerus. Capsular and ligamentous structures of the joints five cases: three osteosarcomas of the proximal humerus and two of the proximal femur. The osteotomy site two cases: one osteosarcoma of the distal femur and one of the proximal tibia. The soft tissues surrounding the resected tumor and/or the surgical incision five cases: one osteosarcoma of the proximal femur, three of the distal femur and one of the femur diaphysis, and the incompletely excised biopsy tract two cases: one osteosarcoma of the distal femur and one of the proximal humerus. One patient developed a local recurrence at the proximal tibia after a resection of an osteosarcoma of the distal femur, and we suspect that this may have been a site of a skip metastasis not detected during preoperative assessment.
In 15 cases there was correspondence between the site of appearance of a local recurrence and the site where the margin was less than wide: six developed the recur- Stage   II B  II B  II B  II B  III  II B  II B  II B  II B  III  III  II B  II B  II B  II B  II B  III  III  II B  III  II rence in the soft tissues surrounding neurovascular structures (three in the distal femur, two in the proximal humerus and one in the proximal tibia), two at the osteotomy site (one in the distal femur and one in the proximal tibia), two at the site of an unresected biopsy (one in the distal femur and one in the proximal humerus), four in the periarticular structures (all marginal margins, three at the shoulder joint and one at the hip joint) and one with a marginal-contaminated margin in the soft tissues of the proximal thigh (an osteosarcoma of the proximal femur that fractured intraoperatively).
In eight cases no correspondence was found between the location of the local recurrence and the surgical margins. Five had wide surgical margins, two marginal and one had an intralesional margin.
In five cases, the cause of the recurrence was identified as problems of the biopsy procedure. In fact, these patients developed the local recurrences in the soft tissues, where a hematoma was present or there was a delay in the healing of the biopsy wound. The biopsies were trochar (2), incisional (1), excisional (1) and incisional performed elsewhere (1).
In two cases, no precise explanation could be found for the local recurrence. One was a patient with an osteosarcoma of the distal femur who underwent a nondiagnostic trochar biopsy and thereafter an incisional biopsy. She had fair tumor necrosis and developed a local recurrence in the popliteal space 16 months after a wide resection. The other patient had an osteosarcoma of the proximal femur and underwent an incisional biopsy. She had poor tumor necrosis and developed a recurrence in the sciatic notch and sacroiliac joint 10 months after a wide resection. In this instance, the presence of a previously undetected skip metastasis at the ilium and/or sacrum could not be confirmed, but is considered a possibility since the local recurrence developed far above the limits of the primary lesion and over the planes of the surgical resection.
One patient (cited above) with an osteosarcoma of the distal femur developed a local recurrence 17 months after resection and reconstruction with a knee arthrodesis using a cement spacer and a Kuntscher rod. The resection was marginal in the area of the popliteal space. The recurrence appeared in the metaphysis of the proximal tibia, and in this case we suspect a previously undetected skip lesion.
Conclusions
Advances in the preoperative staging of osteosarcoma and the development of more efficacious modalities of adjuvant treatment have dramatically improved the life expectancy of patients with sarcomas of the extremities.
Based on this progress, limb-salvage surgery has become the treatment of choice for the vast majority of cases, and is currently associated with a reasonably low incidence of local recurrences. Those who develop a local relapse usually follow an unfortunate course, inasmuch as a significant percentage will require amputation and acquire an elevated risk of distant metastasis [1, 4, 9] . Very clearly, the development of a local recurrence adversely affects preservation of the limb as well as survival in patients with osteosarcoma, and painstaking preoperative study and surgical planning are thus mandatory.
In this regard, certain important considerations should be borne in mind when limb salvage surgery is planned. Achievement of adequate surgical margins (i.e., radical or wide) is the crucial surgical step, and it depends on several factors. Adequate staging of the primary lesion is essential, and evolving imaging techniques currently allow location and determination of tumoral extent with reliable precision. Almost all osteosarcomas present as stage HB lesions, but this stage includes tumors which apparently carry different prognoses for survival. A recent study by Spanier et al. [11] differentiated categories of stage IIB osteosarcomas according to the tumor penetration of neighboring natural barriers. They observed that stage IIB lesions invading two or more adjacent structures had the worst prognoses.
On the other hand, high-grade osteosarcomas are capable of developing 'skip' metastases along the medullary canal of a long bone, across physeal growth plates or to the opposing bone of a joint. Unfortunately, to our knowledge no current imaging techniques permit detection of all skip lesions. Their real incidence is unknown, varying from 6% to 20% in different series [2, 4, 6, 12] . These discrepancies can be explained because some of the older series included amputation and disarticulation specimens, where radical margins were more frequently achieved. The presence of undetected skip metastases can play a significant role in the development of a local recurrence, as pointed out by Simon et al. [9] , and in fact, this was the cause of recurrence in one of our cases and is considered to be the most probable cause in another. Therefore, since it is difficult to indicate the real incidence of skip lesions, all possible effort should be exerted to rule out their presence. Patients with skip metastases probably should be considered as having stage III tumors, as they appear to carry a prognosis similar to those with distant metastases, regardless of whether adjuvant chemotherapy is employed [12] . This was also observed in the present study on recurrent osteosarcomas. Both patients with skip lesions died of the disease. However, neither had good tumor necrosis after chemotherapy.
Regrading the problem of pathologic fracture, none was present among those of our patients who developed local recurrences. On the other hand, today a pathologic fracture is not an absolute indication for amputation. In these cases the effect of preoperative chemotherapy seems to play a very important role in allowing preservation of the limb.
Preoperative chemotherapy plays not only an increasingly important role in improving survival, but also in aiding the resective surgical procedure. In high-grade osteosarcomas effective adjuvant chemotherapy tends to create a well-defined pseudocapsule around the tumor, thereby allowing a better definition of the margins and a clearer dissection during the surgical resection. The quality of this local response may explain the fact that patients with good tumor necrosis developed a local recurrence much later than those with fair or poor necrosis. The exact mechanism is unknown. Since chemotherapy basically acts on cells with a faster turnover, it is possible that when extensive necrosis is present only a few clones of cells with a slower cellular cycle persist, and therefore a longer period of time is required for attainment of a symptomatic volume of tumor. On the other hand, in this series recurrences developed more frequently in older patients, and in this sense, individual local response to chemotherapy may again play a role. Theoretically, younger patients have a better and more rapid capability of producing a mature and thick pseudocapsule after chemotherapy. This can act as a more efficient barrier against local spread of the tumor, somewhat circumscribing the mass from the neighboring tissues and therefore allowing a more definite differentiation of planes and margins during surgery. The immunologic status of the host is a matter of current research and can also be an important factor, in that the younger age could be associated with a better response.
The anatomic location of the tumor is also of great importance when limb-sparing is considered. The proximity of the tumor to major neurovascular structures, the invasion of articular spaces and the presence of extracompartmental tumor are conditions that increase the risk of recurrence when performing conservative procedures. Picci et al. [6] enumerated six 'problem' anatomical sites where less than wide margins were more frequent: the popliteal space, the joint structures, the medullary canal, the soft tissues, venous thrombi and sites of periosteal reaction. Moreover, as these lesions are more commonly localized in the metaphysis and epiphysis of bones, the articular area is an important problem. In fact, the tumor tends to grow in those areas with less resistance, which in this case are represented by the insertions of articular structures like capsules and ligaments. Therefore, microscopic invasion of capsular and ligamentous insertions is a well established risk factor, which probably is true as well for any major joint (knee, hip, shoulder).
The planning and execution of the biopsy are factors of utmost importance in limb-salvage surgery [1, [8] [9] [10] 12] . Whether incisional or trochar, it must be placed so that it can be completely and widely excised at the moment of the resection. The procedure should be performed by an experienced surgical team who will also be dealing with the definitive surgery. Unfortunately, this was not the case in many of our patients, and in a significant percentage this factor was found to be directly related to the development of a local recurrence. In the study by Picci et al. [6] , one-third of the patients with inappropriately placed biopsies developed a local recurrence at that site.
In the present study, the 6% rate of local recurrence (23/365) in high-grade osteosarcoma is reasonably low. It must be noted that osteosarcomas of the axial skeleton, which present the highest rate of recurrence, were not included. Inasmuch as all patients presented with an extracompartmental tumor (IIB or IIIB), they can be considered comparable in terms of local extent. The study by Spanier et al. [11] supports this contention since no significant differences in terms of local recurrence were found among the subgroups of IIB tumors.
In this series, in only two cases did we find no explanation for the development of recurrences. Nevertheless, as stated above, in one case there is strong suspicion of an undetected skip metastasis. In the other, (a distal femoral osteosarcoma resected with apparently wide margins) the recurrence, although unexplained, was found to be associated with certain 'risk' factors: a non-diagnostic trochar biopsy followed by an incisional biopsy, only fair tumor necrosis after chemotherapy and the fact that the recurrence developed in a 'problem' anatomical site (the popliteal space, where the margin could have been less than wide). In all of the remaining cases, the following factors were found to have a direct correlation with the development of a local recurrence:
-Quality of surgical margins: 15 of 17 patients developed local recurrence at the point where the margin was less than wide, and this occurred predominantly in the vicinity of the popliteal and (less frequently) axillary neurovascular bundles. -Biopsy: seven recurrences (30%) were related to the biopsy procedure. In two cases (8%) local recurrence developed at the site of a misplaced biopsy tract that could not be excised during the resection. Five cases (22%) were caused by local complications related to the biopsy procedure (hematoma and/or wound healing problems). Most relevant is the fact that in six of the seven cases the biopsy was performed with a trochar or elsewhere. Trochar biopsies are at risk from the oncologic point of view even when they are correctly placed, because a contaminated hematoma may develop at the site of the puncture site since there is no direct control of hemostasis. In this study, a hematoma after a trochar biopsy was the cause of recurrence in two of the 23 cases. A carefully performed incisional biopsy may avert this problem, with the advantage of offering more representative tissue for diagnosis. In any case, the biopsy represents one of the most important steps in the treatment of osteosarcoma, and whichever technique is used, all possible effort to prevent complications must be made.
-Tumor necrosis: The mean time of appearance of a local recurrence after surgical resection was 23 months for good responders, 12 months for fair, and 9 months for poor responders. These differences were statistically significant, and in accord with what has been reported by others that the amount of tumor necrosis seen after preoperative chemotherapy significantly affects the time^ of appearance of local recurrences.
